ABSTRACT. The examination of pollen and charcoal from the Gutâiului Mountains in northwestern Romania and the archaeological evidence from surroundings provides some information on how past human activities have changed the vegetation in this region. The first evidence of potential human influence upon the woodlands is manifested by fire clearance recorded at approximately 7900 cal. yr BP coinciding with the Early Neolithic. The charcoal peaks at ca. 5750, 3300, 2700, 1500, 1000 cal. yr BP, and during the last 300 years are associated with episodes of decline of main woodland constituents (Ulmus, Tilia, Fraxinus, and Corylus), and the expansion of fire-precursors (Betula, Alnus, and Corylus), and of herb species that indicate an anthropogenic disturbance. The small openings created within the woodlands were probably used as grazing areas. The first signs of agriculture appear at ca. 1500 cal. yr BP. Only during the last 300 years does pollen of the cereals e.g. Secale, Hordeumgroup, Poaceae >40 µm, suggest the spread of arable field in the lowlands (Oaş Depression), but not in the proximity of the study basins.
INTRODUCTION
With increasing pressure of our environment as a result of climatic change and anthropogenic impact, research focusing on understanding the complexity of humanclimate-environmental interaction is crucial. The palaeoecological studies from central-eastern and southeastern Europe indicate that humans started to shape the landscape approximately 7000 years ago, and intensified during the last 4000 years. Human activities were complex and marked by changes in the forest composition due to deforestation, forest grazing, extension of pasturelands, and agriculture (Behre, 1988; Ammann, 1989; Willis, 1994 Willis, , 1997 Willis and Bennett, 1994; Willis et al., 1998; Rösch, 1998; Gardner, 2002; Andriç and Willis, 2003; RalskaJasiewiczowa et al., 2003; Sümegi, 2004) . The climate has influenced both natural vegetation and human activities. Therefore, in periods with favorable climatic conditions (warmer and drier) agriculture has extended. During less favorable environmental conditions these fields were abandoned and forest re-expanded (Berglund, 2003) .
Palaeoecology has several ways to identify human influence upon the vegetation. Pollen and plant macrofossil analyses are the methods most frequently used to recognize these changes (Iversen 1949 (Iversen , 1960 Behre, 1981 Behre, , 1988 Ammann, 1989; Berglund, 2000; Birks, 2003) . Anthropogenic disturbance of the vegetation can be traced by the following parameters: the change in tree pollen types and their abundance, the record of pollen of cereals and other crops, weeds, ruderal plants, and an increasing in pollen values of pastures and meadows species. Caution, however, is required for pollen analysis. Many pollen taxa related to anthropogenic activities cannot be identified at species level and many of these pollen types are deposited close to their place of origin. Therefore, the amount of crops tends to be underrepresented. Model of pollen dispersal have shown that small sites provide local vegetation reconstruction (up to several kilometers distance), whereas larger sites provide a regional signal (Jacobson and Bradshaw, 1981; Bradshaw, 1991; Sugita, 1994) . The analysis of charcoal particles provides another method that may give insights about the human-induced burning for clearance of the forest (Clark, 1988; Whitlock and Larson, 2001) . The quantity of the charcoal is influenced by several factors such as: the type of material burnt, the intensity of the fire, duration, temperature and basin size (Clark, 1988; Whitlock and Larson, 2001) . It was also demonstrated that the fire and thus the charcoal particles increase under drier and warmer climatic conditions (Patterson et al., 1987) . Furthermore, dispersal of charcoal particles depends of the size of the particles, the smaller the particles (microscopic charcoal under 100 µm) the more far away they are transported (up to several hundreds kilometers) (Whitlock and Larson, 2001) .
To test the source of fires (natural or anthropogenic fires) different basin sizes need to be analyzed. The climatically driven fires should be observed at a regional scale and replicated in different sites. Human induced fires, however, should occur locally and at a smaller scale. With all the drawbacks, pollen and charcoal analysis, nevertheless, represent powerful techniques to reveal the past fires and their impact on the vegetation.
In the study area (northwestern Romania) basic palaeoecological observations about human influence on vegetation has been previously made by Lupşa (1980) . Several archaeological finds are available from the Oaş Depression (Bitiri, 1972; Bader, 1978; Maxim, 1999; Németi & Astaloş, 2001; Marta, 2001) , but up to date no archaeological records exist in the proximity of the study sites. None of these early pollen diagrams, nor the archaeological sites have independent chronology. Recent work in the Gutâiului Mountains, however, allowed detailed insights about vegetation and climate history from the Last Glacial Maximum up to the present Wohlfarth et al., 2001; Björkman et al., 2002 Björkman et al., , 2003 Feurdean, 2004 Feurdean, , 2005a Feurdean & Bennike, 2004) .
This paper presents an overview of the pollen diagrams (Preluca Tiganului and Steregoiu) from the Gutâiului Mountains in order to reveal when and how the human activities have modified the woodlands. In addition, this paper presents micro-charcoal results of Steregoiu sequence that can support the human interpretation of vegetation changes. This is the first work in the region that links the vegetation records to the archaeological evidences from lowland areas (Oaş Depression and surroundings) in order to reveal the relationship between human and vegetation.
THE STUDY AREA
The study sites Preluca Tiganului (1 ha, 730 m a.s.l.) and Steregoiu (0,5 ha, 790 m a.s.l.) are two overgrown crater lakes situated on the western flank of the Gutâiului Mountains. This massif is part of the Eastern Carpathians mountain chain and has a rather low elevation with peaks attaining maximum elevation of 1400 m. a.s.l. (Fig. 1) . The beech (Fagus sylvatica) forest, with some Carpinus betulus, Picea abies, and Corylus avellana, covers the slopes near these basins (Istvan et al., 1990) . The Oaş Depression (Fig. 1) is situated west of the Gutâiului Mountains, in the lowland and has a surface of 614 km 2 (Velcea, 1964) , whereas the Someş Valley is located south and south-west of the Gutâiului Mountains (Fig. 1) . 1. Călineşti Oaş, 2. Boineşti, 3. Remetea Oaşului, 4. Vama, 5. Oraşu Nou, 6. Iojib, 7. Livada, 8. Adrian, 9. Turulung Vii, 10. Turţ, 11. Noroieni, 12. Lazuri, 13. Odoreu, 14. Culciu Mic, 15. Culciu Mare, 16. Dumbrava, 17. Medieşu Aurit, 18. Apa, 19. Seini, 20 . Valea Vinului.
MATERIAL AND METHODS
The methodology for pollen, charcoal, lithology and radiocarbon analyses used in this study were presented in detail by Björkman et al. (2002 ), Feurdean (2004 , 2005 . At the Steregoiu study site, pollen analysis was carried out at 2-cm intervals. Micro-charcoal particles were counted on each second pollen slide, i.e. every 4 th cm. At the Preluca Tiganului site the resolution varied between 2.5 -4 cm. Lycopodium tablets with a known number of spores were added to each sample to determine total fossil pollen and charcoal concentrations (Stockmarr, 1971) . Percentages of terrestrial pollen were calculated on the basis of their total sum, excluding spores and pollen of aquatics. Percentages of spores and aquatic pollen types were calculated on the basis of the total sum including terrestrial, spores and aquatic pollen types. An average of at least 500 pollen grains, excluding aquatics and spores, were counted at each level. The pollen diagrams were drawn using TILIA and TILIA Graph (Grimm, 1992) .
The chronology is based on 5 AMS radiocarbon dates at Preluca Tiganului and 14 at Steregoiu performed on terrestrial plant macrofossils and/or on peat.
The AMS radiocarbon ages were converted into calibrated years BP using the calibration curve of Stuiver et al., 1998 (INTCAL 98) and the OxCal v.3.5 program (Bronk Ramsey, 1995) . The dates used to construct a chronology for the pollen diagram is the mid-point of the calibrated interval (at ± 2σ) or an adjusted date which takes into account the calibration curve and the most probable interval (at ±2σ), and the stratigraphic position of the samples (Björkman et al., 2003) .
The archaeological data was taken from published archaeological sites from the Oaş Depression (Fig.1) . Also included in this study are some other archaeological records obtained from sites situated along the Someş plain (Fig. 1) .
RESULTS AND DISCUSSION
Both sediment sequences cover the time period from the end of the Last Glacial Maximum to the present day Björkman et al., 2002 Björkman et al., , 2003 Feurdean, 2004 Feurdean, , 2005a Feurdean and Bennike, 2004) . Coniferous (Pinus, Picea, and Larix), and cold-tolerant deciduous trees (Betula, Populus, Salix, and Alnus) have occurred during the Lateglacial. At the onset of the postglacial deciduous woodlands dominated by Ulmus, were followed at ca. 10,700 cal. yr BP by the expansion of closed woodlands including Quercus, Tilia, and Fraxinus, and at ca. 10,300 cal. yr BP of Corylus. From ca. 8000 cal. yr BP onwards, the pollen and charcoal record associated with archaeological evidence indicate some anthropogenic disturbance on the vegetation in the Gutâiului Mountains and the Oaş Depression.
Four types of changes in the pollen and charcoal diagrams from the Gutâiului Mountains were used to obtain information about human activities upon these vegetation:
(1) change in forest composition and density; (2) increase in charcoal concentration; (3) increase in herbaceous plant indicators of pastures and meadows, and (4) appearance of pollen of cultivated plants.
Changes in woodland composition and density and forest fires
The first indicator of anthropogenic influence on the vegetation is the reduction of woodland density. This can be traced by a decline in arboreal pollen (AP) along with an increase in non-arboreal pollen (NAP). Furthermore, change in woodland composition (e.g. the replacement of the main forest constituents by early succcessional plants such as Betula, Alnus, Corylus, Fraxinus, and Pinus) is also a good marker of anthropogenic disturbance. These alternations of the woodland structure can be a consequence of selective forest clearance (e.g. for fuel, material for constructions, etc) or the burning of woodland to obtain agricultural or pastoral fields. In both cases, the regeneration of the forest is usually made with opportunistic species such as those mentioned above. It is well documented that early humans utilised fire to manipulate the vegetation and to preserve the openness in the woodlands (Birks, 2003) .
Anthropogenic indicators before 1500 cal. yr BP are rare in the Gutâiului Mountains. Changes are first indicated, however, around 7500-7900 cal. yr BP, when Betula and Fraxinus re-expanded slightly, coinciding with low, but steady occurrence of pollen grains of Carpinus and Fagus (Figs. 2, 3) . Climatic conditions could have determined the forest changes as suggested by Björkman et al. (2003) and Feurdean (2004 Feurdean ( , 2005a . Increased fire activity between 7800-7900 cal. yr BP is shown by the rise in micro-charcoal concentration at Steregoiu (Fig. 4) . This is followed by a small increase of pollen grains of ruderal and plant indicators of pasturelands and meadows (Plantago lanceolata, Artemisia, Rumex acetosa/acetosella, Sinapistype, and Rosaceae). Considering the positive correlation between micro-charcoal concentration, the expansion of fire-favored tree species, and herb of anthropogenic indicators, these modifications could be the consequence of anthropogenical-induced burning (Human impact I, Table  1 ). Thus, the first grazing areas emerged in the recent burnt habitats within a forested environment. In burnt, unused areas, Betula and Fraxinus were likely established.
Although no archaeological sites have been discovered in the Gutâiului Mountains, there is at least one in the Oaş Depression (Németi and Astaloş, 2001 ) and a few others in northwestern Romania (Maxim, 1999) . There are archaeological evidence for settlements in neighboring areas such as north-eastern Hungary (Horvath and Hertelendi, 1994) , and Transcarpathian Ukraine (Potushniak, 2004) . These finds belong to the Early Neolithic age (the final phases of the Starčevo-Körös/Criş culture) and yield an age of 7500-7650 cal. yr BP. Some other isolated tools considered of the Neolithic Age were also reported from the Oaş Depression and Someş Valley (Maxim, 1999) . Giving the favorable condition in the Oaş Depression, the early Neolithic tribes most likely established settlements along small rivers in this area. They had cultivated crops, but hunting, fishing and gathering could also have been practised (Ursulescu et al., 2001; Sümegy, 2004) . However, taking into consideration the short distance from the archaeological sites in the Oaş Depression and our palaeoecological sites, the Early Neolithic tribes also may have used the mountains resources for several economical and technological activities (e.g. hunting, collecting rocks, wood for pottery confection, constructions, fuel, etc). Their impact upon the woodlands in the Gutâiului Mountains seems, however, minimal. In north-eastern Hungary, alongside archaeological evidence, the palaeoecological data have also revealed the anthropogenic influence upon the vegetation already at ca. 9000 cal. yr BP (Willis, 1997) .
A new variation in vegetation composition is clearly seen between 6000-6600 cal. yr BP at Preluca Tiganului (Fig. 3) (Maxim, 1999; Willis et al., 1998; Iercoşan, 2002) . Some woodland clearances may have occurred here during this framework, and possible in the Gutâiului Mountains, and in the created openings the above-mentioned taxa could have established (Human impact II, Table 1 ).
A few changes in the composition of the pollen assemblages are recorded between 5000-5750 cal. yr BP, during the time of Carpinus establishment and expansion. At Preluca Tiganului, this is represented by a slight decline in pollen values of Quercus, Ulmus, Tilia, and Fraxinus, coincidently with increasing values for Betula, Alnus, and Corylus (Fig. 3) . High percentage spores of Polypodiaceae undiff., and some pollen of herbs is also observed. A hiatus occurred at Steregoiu making difficult to establish the age of Carpinus expansion (Fig. 2) . However, it is assumed to have occurred synchronously with the neighbouring sequence (Feurdean, 2005) . Both underlying climatic and human impact causes may have triggered this vegetational change. The small rise in micro-charcoal particles could be the result of natural forest fires under drier climatic conditions or antropogenically induced burning for management of the vegetation (Fig. 4) . Low peat accumulation rates, high values of total pollen concentration, and the reduction of wetland indicators associated with ecological requirements of Carpinus (warmer summer and winter temperatures) are evidence for drier climate conditions (Feurdean, 2004 (Feurdean, , 2005 . Woodland clearances and human-induced burning are, however, not excluded (Human impact III, Table 1 ). In the habitats with greater amount of light Carpinus, Corlyus, ferns, and herbs probably established.
From archaeological point of view, this time period coincides with the final part of the Early Cooper Age (Tiszapolgár), the Middle Cooper Age (Bodrogkeresztúr), and the Late Cooper Age (Baden and Coţofeni cultures) (Willis et al., 1998; Ciugudean, 2000; Sümegy, 2004) , The Baden and Coţofeni cultures are, however, placed by some specialists in the Early Bronze Age (Vulpe, 2001a) . Except of the Tiszapolgár culture that have emerged already during previous human impact and which have probably continued during this time period, only one site belonging to the Coţofeni culture was found in the Someş Valley (Vulpe 2001a; Iercoşan, 2002) . The Cooper Age tribes are known for their ability to prepare copper tools (axes, weapons) as well as gold and pottery (Ursulescu et al., 2001; Vulpe 2001a ). All these activities may have accounted for change in woodland composition.
Between 4200-4800 cal. yr BP, the palynological evidence from Preluca Tiganului shows a drastic reduction of the woodland diversity from Picea-Corylus with Quercus, Ulmus, and Tilia to one dominated by Fagus with Carpinus, Quercus, Alnus, and Betula (Fig. 3) . At Steregoiu, 
Fig. 3. Pollen percentage diagram for Preluca Ţiganului with selected pollen and spore taxa presented on linear depth scale and non-linear calibrated age scale.
this reduction is less evident and is clearer observed slightly later, between 3500-4000 cal. yr BP (Fig. 2) . The age discrepancy may be the result of hiatus, or to extremely compressed sediments that accumulated between 3500-5500 cal. yr BP and created problems of interpolation between dates at individual sites. The slight increase in some herbaceous pollen values (e.g. Artemisia, Chenopodiaceae, Rosaceae, Asteraceae Tubuliflorae, Ranunculaceae, Urtica, Rumex acetosa/acetosella), particularly at Preluca Tiganului, may reflect extension of meadows and pastureland in these openings. Evidence for a more openground also comes from ferns (Human IV, Table 1 ). Archaeological data from north-western Romania and northeastern Hungary show the emergence of the Early and the Middle Bronze Age cultures (Bader, 1978; Willis et al., 1998; Vulpe, 2001a; Sümegy, 2004) . This period is regarded as one with intensive transformation of the Hungarian environment following after the Early Neolithic. The Oaş Depression is lacking of archaeological records of the Early Bronze Age, but there is one wooded fort of the Middle Bronze Age located at Boineşti -Bélavára and linked to the Suciu de Sus culture (Bader, 1978) . In contrast, the archaeological sites of the Middle Bronze Age are well represented in the Someş Valley (Vulpe, 2001a; Bader, 1978) .
Two episodes of vegetation change are detected between 2200-3400 cal. yr BP. First, between 3200-3400 cal. yr BP, was the maximum extension of Fagus woodland with some Carpinus and Quercus, along with the final decline of Tilia, and with a gradual reduction of Ulmus, Picea, and Corlyus (Human impact V, No increase in herbaceous pollen was noted pointing to a rapid replacement of forest lost by tree taxa by the opportunistic species (Human impact V-VI, Table 1 ). Since herbaceous plants indicators of human disturbance were almost absent, these changes were attributed to the natural forest succession driven by the change to drier climatic conditions (Björkman et al., 2003; Feurdean, 2005a) . Generally, Quercus is anthropogenic-favored taxa and produces more pollen in a less dense forest. It also expands in periods of increasing fire activity and warm and/or dry condition. Woodland clearance and anthropogenic-induced burning must have played a role in alteration of the woodlands structure, while a drier climate could have increased the fire susceptibility (Human impact V-VI, Table 1 ). Numerous archaeological sites that belong to the Late Bronze Age Suciu de Sus culture were found in the Oaş Depression and along the Someş Valley (Bader, 1978; Marta, in prep) coinciding to the human impact V. Natural woodlands in these areas may have been affected by the increase in settlement density, and by the economical activities (woods for metallurgy, material needed for building).
The beginning of the Human Impact VI (at ca. 2800 cal. yr BP) probably coincided with the final phase of the Early Hallstatt fortification found at Călineşti Oaş -Hurca (Marta, 2001 ) and attributed to the second phase of the Gáva culture (Iron Age). Several other sites in the Someş Valley can also be attributed to the second phase of the Gáva culture (Marta, in prep) , but thereafter the archaeological finds are lacking. However, the scarce archaeological information is common fact for Transylvania. This is explained by the type of economy (which at this time was based on animal husbandry) and by the high mobility of population of the Late Hallstatt and the beginning of the La Tène period (Vulpe, 2001b) .
The charcoal concentrations display relatively higher values between 500-1500 cal. yr BP (Fig. 4) . At Preluca Tiganului, Fagus pollen values regressed and values for Betula, Salix, and Alnus increased between 500-1300 cal. yr BP (Fig. 3) . The marked increased in the pollen of herbaceous plant provides evidence for the expansion of the grasses and herbs in the proximity of the basins (Figs. 2, 3) . The good correlation between micro-charcoal concentrations, the reduction in forest diversity, and the expansion of wooded pioneer species, in parallel with the rise of wild anthropogenic indicators, suggest that fire was also used in land management (Human impact VII, Table 1 ). Most of the obtained lands in the woodland were used for grazing, which also prevented re-growth of shoots and recovery of the previous diverse woodland. The archaeological data suggests a strong influence of the Early Slaves along the Someş Valley (Stanciu, 1999) . In the Oaş Depression the archaeological information is absent until the Middle Age (beginning of the last millennium), when written sources point to the emergence of numerous villages in the Oaş Depression (Velcea, 1964) .
During the last 300 years, marked changes in forest composition are reflected in the disappearance of almost all other tree species from the Fagus forests, except for Quercus (Figs. 2, 3) . During the last two centuries, the intensive exploitation of the woodlands has made irreversible transformation in the lowlands that were transformed into open settlement areas. The woodlands were intense cleared and these woods were used for different economic activities (Human impact VIII, Table 1 ). Increasing fire frequency, probably also of anthropogenic origin is indicated by high values of charcoal concentration (Fig. 4) . The woodlands (mixed oak) below 500 m a.s.l., were opened up, but large parts of the forest above this elevation (beech dominated) are still preserved.
Grazing and pastureland
Another sign of human influences on the vegetation is the increase in the pollen of pasture plants (Behre, 1981 (Behre, , 1988 . The pollen of these plants (e. g. Poaceae undiff. < 40 µm, Plantago major, P. media, Rumex acetosa/R. acetosella, Chenopodiaceae, Artemisia, Asteraceae Tubuliflorae, Asteraceae Liguliflorae, Urtica, Centaurea cyanus-type, Ranunculaceae, and Cyperaceae) are documented from the beginning of the Holocene in the pollen diagrams from Steregoiu and Preluca Tiganului. These, might also been derive from natural fen or wild growing herb communities around the sites (Figs. 2, 3) . Except for a peak in Artemisia pollen, evident around 6600 cal. yr BP (Human impact II), pollen percentages of Poaceae undiff. < 40 µm, Plantago lanceolata, Rumex acetosa/R. acetosella, and Cannabis-typ and of nitrophilous and ruderal plants (Artemisia, Chenopodiaceae, and Urtica) stayed low until about 1500 cal. yr BP. From this time onwards (Human impact VII) and more clearly during the last 300 years (Human impact VIII), the pollen of herbs mentioned above along with Potentilla-type, Rosaceae, and Dipsacaceae undiff. show a marked rise indicating that grazing and forest grazing pressure became more intense.
Agriculture
Agriculture is reflected in the pollen diagrams by the presence of pollen of cultivated plants (particularly cereals), weeds, and ruderal species. A few pollen grains of Poaceae >40 µm, which may be derived from cereals such as Triticum, Hordeum, and Avena were first recorded around 1500 cal. yr BP (Figs. 2, 3) . Simultaneously, the pollen grains of infesting weeds (Centaurea nigra-type) and pollen associated with fallow lands (Plantago lanceolata) were found, thus confirming the practise of agriculture (Human impact VII). In the last 300 years (Human impact VIII), Poaceae >40 µm pollen became increasingly common, along with the appearance of a few pollen grains from Hordeumgroup and Secale (Figs. 2, 3) . Nevertheless, as suggested by Björkman et al. (2003) , the pollen grains were probably originated from cultivated lands situated at low altitude in the Oaş Depression and do not indicate the proximity of arable fields to the investigated sites. The characteristics of the surroundings of the study sites make them less suitable for settlements and agriculture. The palaeoecological data agrees with the archaeological evidence from the Oaş Depression and the Someş Valley, which suggest an increased in population density stating with the Late Migration Age (Velcea, 1964; Stanciu, 1999) .
Other pollen types of cultivated plants found in our diagrams were Cannabis-type and Juglans-type, indicating that Cannabis sativa and Juglans regia may have been grown in the Oaş Depression. Cannabis pollen grains could also be derived from wild plants e.g. Humulus lupulus or Cannabis sativa ssp. spontana. Both species occur spontaneously in Romania in damp scrubland, wet forest and as a weed (Păun et al., 1980) . Most likely Cannabis (hemp) and Humulus (hop) grew wild during the Lateglacial and the whole Holocene in the Gutâiului Mountains. During the last 1500 years hemp pollen values increased slightly, which may indicate that Cannabis sativa started to be cultivated in the Oaş Depression, and was used for fibres and for medical purpose. The presence of hemp seeds in archaeological sites in Romania is dated to 1250 cal. yr BP (Cârciumaru, 1996) . High values of Cannabis-type pollen in the last 1000 years in Hungary were attributed to cultivation for rope production (Willis, 1997) .
CONCLUSIONS
Pollen and charcoal record from the Gutâiului Mountains combined with archaeological evidence from the Oaş Depression, Someş Valley and north-eastern Hungary bring information about the time and scale of human influence on the vegetation.
The first sign of human impact could be considered the burning of woodlands to obtain fields for grazing, initiated around 7900 cal. yr BP. This agrees with the archaeological evidence from the Oaş Depression that indicates the emergence of the Early Neolithic culture. The human activities recorded between 7900-1500 cal. yr BP imply some woodland clearance. Due to the small scale of clearance and fire, the forest regenerated, but the vegetation assemblages have also included opportunistic species (Betula, Alnus, Corylus, and Fraxinus) . During the last 1500 years and more intensely during the last 300 years, an abrupt reduction in forest density and diversity is recorded. The burnings and grazing pressure became stronger, as the forest could not regenerate.
Evidence for the expansion of pasturelands and meadows were found from ca. 1500 cal. yr BP onwards with intensification during the last 300 years.
The sign of cultivation is first recorded around 1500 cal. yr BP with the appearance of Poaceae >40µm pollen. During the last 300 years, the cultivation of cereals is documented by the occurrence of pollen of Secale, Hordeum group, and Juglans. Cannabis sativa may also have been cultivated. These grains, however, probably originated from fields from the Oaş Depression. The appearance of cultivated fields coincides with increased settlements in the Oaş Depression recorded at the beginning of the Middle Age
The low number of archaeological sites from the Oaş Depression is most probably the result of scarcity of the archaeological investigation; therefore further archaeological investigations are needed. This should, however, be combined with the palaeoecological records as they can provide an estimated scale of the human impact, and vegetation dynamics after disturbance.
